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Degerli Hekimlerimiz,

3. sayimizda yeniden merhaba. TA-65’in 2011 yilinda telomerazi aktive ederek telomerleri uzattigina dair
ilk calismalardan birini ilerleyen sayfalarda bulabilirsiniz. Bu ¢caligma TA-65'in insanlarda kisa telomerleri
uzatilabildiginin gésterildigi ve bu durumun bireylerin saglik durumlarina olumlu katkilarinin tespit edildigi
ilk calismalardan birisi olmasi nedeni ile 6nemlidir. Bu ¢alismanin daha sonra 2. ayagi da yapilarak telomer
uzunlugunun artiriimasi ile bireylerin saglik parametrelerindeki gelisim saptanmaya caligiimigtir. Bir sonraki
sayimizda bu calismayi da sizlere sunacagiz.

Bu sayimizdaki yazimizda telomer uzunlugunun saghgimiz tizerindeki genel etkilerini Michael Fossel
MD’nin 2016 yilinda yayinlanan Telomerase Revolution isimli kitabindaki bir benzetmesini alintilayarak
aktarmak istiyorum. Michael Fossel MD 2000’li yillardan bu yana telomer biyolojisi alaninda taninan
hekimlerden biridir ve konu hakkinda yayinlanmig bir cok kitabi mevcuttur. YouTube’da birgok bilimsel
konusmasina da ulasabilirsiniz.

TL: Telomer uzunlugu

Fossel yasantimizi bir tekneye ve sagligimizi ise bir denize benzetiyor. Her denizde oldugu gibi denizin
dibinde de bazi tepeler ve gukurlar olacaktir. Tepelerin bazilari ¢cok yliksek bazilari ¢cok kisa veya bazi
cukurlar ise ¢cok derin olabilir. Bunlari insanin genetik yapisi ile gelen bazi saglik riskleri olarak betimleyelim.
YUksek tepeleri genetik olarak bireye sorun olusturabilecek yliksek hastalik riskleri olarak gérebiliriz.
Cukurlar ise genetik haritamiza gére sorun olusturmayacak durumlar olarak dustiniilebilir. Ornegin bir kiside
bu risk kalp saghgi ile ilgili olurken bir digerinde kanser veya digerinde Alzheimer olabilir. Hatta bir kiside
birden fazla hastaliga karsi da genetik yatkinlik s6z konusu olabilir. Herkesin saglik denizinin zeminindeki
durum tipki parmak izi gibi birbirinden farkl olacaktir. Bunlar genetigimiz ile getirdigimiz ve en azindan
simdilik degistiremeyecegimiz riskler olarak tanimlanabilir. Ve biz saglik denizimizde Yasam adli teknemizi
olabilecek en uzak mesafeye, en keyifli yoldan saglhk ve mutluluk ile ulastirmaya calisiyoruz. Bu bizim
dinyaya gelmekteki en temel amacimiz.

Dr. Hayflick’in 1961°’de tanimladigi insan émrinin en fazla 125 yil olabilecegine dair teorisini yeniden
hatirlayalim. DNA'mizda yer alan biyolojik saatimizde telomerlerimizin bize misaade ettigi en uzun yasam
suresi 125 yil ile sinirliydi. Tabi bu strede her seyin mikemmel oldugunu, stresin olmadigini, saglikh
beslenme ve egzersizin yasamimizin her aninda uygulandigi ideal kosullar dahilinde gecerli olacagini

da gbzden kagirmayalim. Yagsamimizdaki her secimimiz aslinda bu sireyi kisaltiyor. 125 yilin her bireyin
genetik yapisina 6zel oldugunu vurgulamakta fayda var. Bazilarinin telomerleri daha dogarken diger
bireylere gbre daha kisa ya da uzun olabilir.

Grafikte de goérebileceginiz gibi denizin derinligini Telomer uzunlugu ile betimliyoruz. Deniz ne kadar

derin ise yani telomerler ne kadar uzun ise Yasam teknemizi altta yatan genetik risklerden o kadar uzak
tutabilmemiz mimkin olacaktir. Denizin altinda yer alan saglik risklerimizi degistirebilme glicimiz olmasa
dahi en azindan hucrelerimizi ve bedenimizi saglikl tutarak bu risklere Yasam teknemizin carpmasindan
kacinabiliriz.

Deniz ne kadar derin ise yani telomelerimiz ne kadar uzun ise o denli saghkli ve hatta uzun yasama
sansina sahip olabiliriz. Grafikte de géreceginiz gibi telomerlerin kisalmasi yani denizin siglasmasi erisecek
oldugumuz yasam suresini de kisaltmaktadir.



Calismanin 6zet kisminda da géreceginiz gibi TA-65, telomerlerin ortalama uzunlugunu artirmamaktadir.
Hucrelerimizde asil énemli olan en kisa telomerlerin (<4 kbase) ne kadar oldugudur. Hucrelerimizde

her kromozomun birer ucunda telomer bulunmakta yani bir hiicrede 92 telomer yer almaktadir. Hiicrede
ortalama telomer uzunluguna gére degil sadece 1 tane kisa telomere gore karar verilmektedir. Dolayisi

ile TA-65 spesifik olarak en kisa telomerler izerinde etkili olmaktadir. Daha dogrusu TA-65’in aktive ettigi
telomeraz enzimi vicudun kendini koruma sistemi iginde tercihen en kisa telomeri dncelikli onarma yolunu
secmektedir. Bu yuzden Life Length Telomer Analiz Testinde en kisa %20’lik dilimdeki telomerlerin uzunlugu
6nemli kriterlerden biri olmaktadir.

Telomerlerimizin uzun kalabilmesi yasamdaki tercihlerimiz ile yakindan ilgilidir. Diyet, egzersiz, stres, alkol
ve sigara tiketimi gibi yasamsal secimler ile telomerlerimizin kisalmasini hizlandirmak mimkin oldugu gibi
ayrica kisalmayi yavaslatmak ve hatta geri cevirmek dahi olasiliklar dahilinde gérinmektedir. Yapilan klinik
arastirmalarda yasam tarzini degistiren bireylerde telomer uzunlugunun yeniden artabildigi saptanmigtir.

Kisa telomerlerin 6zellikle yaslanma ile baglantili hastaliklarda dnemli rol oynadigi hakkinda su an igin
20.000 klinik arastirma mevcuttur. Bireylerin telomer uzunlugundaki degisikligin yillik olarak dlgtlmesi, yas
ile baglantili hastaliklara yakalanma riskini belirlemeye yardimci olmaktadir. Cleveland Heart Lab’de Life
Length Telomer Analiz Testi standart kardiyovaskuler kalp checkup programina alinarak risklerin erken
dénemde belirlemesinde kullaniimaktadir.

Mevcut biyolojik yas ve riskler belirledikten sonra yeniden telomer uzunlugunu geri kazanmak igin
yapllabilecek bir ¢cok sey var. Hekimlerin hastalarina énermis oldugu saglkli yagsam ip uglari telomerler
Uzerinde c¢ok etkili sonuglar vermektedir:

. Daha yesil ve saglikh bir diyet programi (Akdeniz diyeti),

. Dulzenli ve yasa uygun egzersiz,

. D vitamini seviyelerinin dlgilmesi ve desteklenmesi,

. Omega 3 kullanimi,

. Antioksidan desteklerin kullaniimasi,

. Alkol ve sigaranin birakilmasi,

. Stresin azaltiimasi (dUzenli meditasyonun telomerleri uzattigina dair yayinlar mevcuttur),
. Ve son olarak TA-65 besin desteginin kullaniimasi telomer uzunlugunu artiriyor.

Bizi alttaki sosyal medya hesaplarindan takip edebilirsiniz. Ozellikle YouTube kanalimizda telomer
testlerinin hekimler tarafindan nasil yorumlanacagina dair bilgilendirici videolar Turkce alt yazi ile
erisiminize agiktir. TA-65’in saglik Gzerindeki faydalari hakkinda videolar da yine TA-65 kanalinda yer

almaktadir.
I
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Bir sonraki sayimiza dek telomerlerinizin hep uzun kalmasi dilegi ile,

Kubilay Tirkmen



OZET:

Cogu insan hicrelerinde telomerleri korumak igin gereken telomeraz enzimi eksiktir, bundan dolayi bu genetik
materyallerin zamana ve strese bagh kisalmasi yaslanmanin ve hastaliklarin gérilmesine neden olur. Ocak
2007°de Patton Protocol-1 isimli bir saglik koruma programinda telomerazi aktive eden dogal bir Griin (TA-

65®, glinde 10-50 mg), genis kapsamli bir gida takviyesi olarak ve baslangic ile her 3-6 aydan sonra hekim
danismanligina / laboratuvar testine tabi tutularak piyasaya sirulmustir. Bu ¢alismada bagisiklik sistemi tzerine
odaklanilarak ilk yilhn incelemesini sunulmaktadir. Dligtik nanomolar diizeydeki TA-65® kulttir ortamindaki

insan keratinositlerindeki, fibroblastlardaki ve bagdisiklik hicrelerindeki telomerazlari orta seviyede aktive
etmektedir; kontrol amacli yapilan insan farmakokinetik ¢calismalarinda 10-50 mg arasi TA-65®’in tek doz
uygulamasi da plazma seviyelerinde benzer sonuglar vermistir. En carpici sonug in vivo yapilan testte, islevini
yitirmis sitotoksik T hicrelerinin (CD8+/CD28-) (3, 6, 9 ve 12. aylarda sirasiyla % 1.5, 4.4, 8.6 ve 7.5; p=anlamli
degil, 0.018, 0.0024, 0.0062) ve dogal olduricl hucrelerin 6. ve 12. aylarda (p=0.028 ve 0.00013, anlamli)
yuzdesinde azalma gértlmustir. Bu dusustin en cogu sitomegalovirlis (CMV) seropozitif kisilerde gériimustar.
Lokositlerdeki telomer uzunluklarinin dagihmi baslangicta ve 12. aylarda élgctimastur. Ortalama telomer
uzunluklari artmamasina ragmen, kisa telomer (<4 kbp) ylzdesinde anlaml bir azalma olmustur (p=0.037).
Patton Protocol-1’de herhangi bir olumsuz vaka bildirilmemistir. Bu protokolln kritik kisaliktaki telomerleri uzattigi
ve CMV+ kigilerin I6kositlerinin bagil oranlarini yeniden duzenleyerek CMV- kisilere gére daha “gencg” bir profil
olusturdugu sonucuna variimistir. TA-65®’in insanlarda yarattigi spesifik etkileri arastirmak icin randomize
kontrolli calismalar planlanmaktadir.

CALISMADAN BASLIKLAR:

1-Sitomegaloviriis (CMV) gibi kronik viral enfeksiyonlar ve insan immun yetmezIigi (HIV) telomer kayiplarini ve
immun sistemin,6zellikle de enfekte olmus hiicreyi dldirmekten sorumlu virls spesifik sitotoksik T hucrelerinin
erken yaslanmasini hizlandirir. Bu hiicrelerde telomer kaybina ek olarak, genellikle ko-stimilatér reseptér CD28
ekspresyonu goérilmemektedir ve cogalma kapasiteleri azalmistir, antiviral sitokinleri salgilama yetenekleri
azalmistir, apoptoza diren¢ artmistir ve enfekte hucreyi lizis etme yetenegi diismustur.

2-Ayni bitkiden elde edilen TAT2 molekilinin insan keratinosit ve immun hicre kiltirlerinde yapilan telomeraz
aktivasyonu ilgili calismalar daha énce yayinlanmigti. AIDS gdrulen kisilerin doku kdltirt cahismalarinda TAT2
replikatif kapasiteyi artirir, antijenlerin sitokin ve kemokin yanitini gticlendirir, otolog HIV ile enfekte olmug CD4+
hicrelerini artan bir sekilde éldardr.

3-insan yenidogan keratinosit ve fetal fibroblast kiiltiirlerinde TA-65 telomerazi aktive etmistir.

4-CMV enfeksiyonunun immiin sistemi tGzerinde énemli etkileri oldugundan, CMV durumuna gére yasa bagli
olarak baslangictaki immun sistemi degerlendirildi.(sekil 2 ve tablo 3) Lenfositlerdeki telomerler CMV- kisilerde
CMV pozitiflere gére daha uzundu.Granulositlerde aynisi gecerli degildi. Buna gére CMV enfeksiyonunun
lenfositlerde hiicre yenilenmesini artirdigini (telomer kisalmasini hizlandirdigini) ancak hematopoietik kdk
hiicreleri oldukca az etkiledigini sbyleyebiliriz.

5-Fare hiicrelerinde in vivo yapilan ayri bir calismada, TA-65’in tek basina ortalama telomer uzunlugunu ¢ok az
etkileyerek kisa telomerli hiicre yizdelerini azalttigr gdsterilmistir.

6-immiin sistemin olumlu bir sekilde yeniden yapilanmasi. Patton Protokoliin-1’e dahil olan kisilerin adaptif ve
dogustan gelen bagisiklik sistemlerinde baslangigtan beri bir dizi carpici degisiklikler gériimistir. Ozellikle 3
ay sonunda islevini yitirmis sitotoksik T hlcrelerinin (CD8+,CD28-) ylizdesinde ve sayisinda “yaglanmayi ters
ceviren” istatiksel olarak anlamli gelismeler gosterilmigtir.

7-Baslangicta, CMV+ kisilerin nétrofil sayilari ve yuzdeleri CMV- kisilere gére anlamli bir sekilde disiktd.
(Tablo3) PattonProtocol-1 ile yapilan calismada 3 ay sonunda, 6zellikle CMV+ bireylerde agirlikli olarak (sekil
4D) nétrofil sayilarinda ve yuzdelerinde genel bir artma oldugu goérilmustuar. (sekil 4B) PattonProtocol-1’in CMV
enfeksiyonunun nétrofiller Gzerindeki olumsuz etkilerini ters ¢evirecek potansiyele sahip oldugu disinilmektedir.

8-1 yil sliren saglik koruma programinda telomeraz aktivatori iceren gida takviyesinin kisalmis I6kosit
telomerlerinin ylzdesini azalttigi ve CMV+ kisilerin CMV- kisilere gére daha “genc” bir 16kosit profili ¢cizdigi bu
calismayla gdsterilmistir.

9-Bu calismada TA-65’in plazma konsantrasyonuna sahip insan hicre kulturlerindeki telomerazlari aktive ettigi
gbsterilmistir. Deneye katilan kigilerin yaklasik %40’ inin ortalama telomer uzunluklari arttigi halde genel olarak
ortalama telomer uzunlugunda istatiksel olarak anlamsiz bir dugts de gortlmastir. Burada kisa telomerli iglevini
yitirmis hlcrelerden kurtulmanin, populasyonun ortalama telomer uzunlugunun kisalmasi anlamina gelebildigini
disunebiliriz. Kisa, islevsiz ve telomer uzunlugu 4 kb’dan kucuk telomerlerin telomer kaybinin olumsuz etkileri
olan dokusal igslev kaybi ve hastaliklarin baslangici ile iligkili olduguna inaniyoruz.PattonProtocol-1'de ise

gida takviyesi olan TA65’in 4 kb’dan klcuk telomerleri azaltarak olumlu bir yanit verdigini belirgin bir sekilde
gOsterilmistir.
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Abstract

Most human cells lack sufficient telomerase to maintain telomeres, hence these genetic elements shorten with
time and stress, contributing to aging and disease. In January, 2007, a commercial health maintenance program,
PattonProtocol-1, was launched that included a natural product-derived telomerase activator (TA-65%, 10-50 mg
daily), a comprehensive dietary supplement pack, and physician counseling/laboratory tests at baseline and
every 3—6 months thereafter. We report here analysis of the first year of data focusing on the immune system.
Low nanomolar levels of TA-65% moderately activated telomerase in human keratinocytes, fibroblasts, and
immune cells in culture; similar plasma levels of TA-65° were achieved in pilot human pharmacokinetic studies
with single 10- to 50-mg doses. The most striking in vivo effects were declines in the percent senescent cytotoxic
(CD8%/CD287) T cells (1.5, 4.4, 8.6, and 7.5% at 3, 6, 9, and 12 months, respectively; p =not significant [N.S.],
0.018, 0.0024, 0.0062) and natural killer cells at 6 and 12 months (p =0.028 and 0.00013, respectively). Most of
these decreases were seen in cytomegalovirus (CMV) seropositive subjects. In a subset of subjects, the distri-
bution of telomere lengths in leukocytes at baseline and 12 months was measured. Although mean telomere
length did not increase, there was a significant reduction in the percent short (<4 kbp) telomeres (p =0.037). No
adverse events were attributed to PattonProtocol-1. We conclude that the protocol lengthens critically short
telomeres and remodels the relative proportions of circulating leukocytes of CMV™ subjects toward the more
“youthful” profile of CMV ™~ subjects. Controlled randomized trials are planned to assess TA-65-specific effects
in humans.

Introduction ongoing observational study of a novel dietary supplement
program, PattonProtocol-1, which includes a natural prod-
PEOPLE TAKE DIETARY SUPPLEMENTS with the intent to uct-derived telomerase activator targeting a fundamental
preserve mental, physical, and emotional health and aspect of cellular aging.
vigor into old age. Although drugs and surgical procedures Telomerase is an enzyme that synthesizes the specific
that target diseases of the elderly will hopefully arrest or DNA sequence at telomeres, i.e., the terminal DNA at the
partially reverse tissue damage caused by aging and chronic  ends of all chromosomes.”* Telomeres are essential genetic
stress, measures to maintain health are arguably a better elements responsible for protecting chromosome ends from
approach to lengthening our healthy life span. Most dietary = being recognized as “broken DNA.” Because telomeric
supplement programs include combinations of vitamins, DNA cannot be fully replicated by conventional DNA
antioxidants, and other constituents, some of which have polymerases, and because telomeres undergo degradative
been shown to have significant health benefits in controlled —processing and are a “hotspot” for oxidative damage,’
clinical studies, whereas others may show adverse effects, '™  telomeres will gradually shorten with time and cell division
underscoring the need to assess functional effects of combi- unless there is sufficient telomerase activity to maintain
nation products. This paper presents initial data from an telomere length.

1Geron Corporation, Menlo Park, California.

2TA Sciences, New York, New York.

3Spanish National Cancer Center, Madrid, Spain.

“Sierra Sciences, Reno, Nevada.

SPhysioAge Systems, New York, New York.

®Present address: Telome Health Inc., Menlo Park, California.
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Telomerase is activated in fetal development, thus pro-
tecting telomeres from significant loss during this period of
dramatic cell expamsion.m11 However, telomerase is re-
pressed before birth in most somatic tissue, and, as a con-
sequence, birth marks the beginning of telomere erosion in
most tissues throughout life. Tissues with continual cell
turnover or periods of rapid proliferation are “telomerase
competent” in that they upregulate telomerase during early
phases of progenitor expansion.lz’13 All adult somatic stem
cells appear to be capable of activating telomerase during
tissue regeneration. However, these periods of activation are
insufficient to prevent telomere loss, and this is compounded
by a decreased ability to activate telomerase during aging
and stress.'*'° In addition, stress can accelerate telomere loss
by increasing cell turnover and the amount of telomeric
DNA lost per cell division.'”'®

In cross-sectional studies, humans lose telomeric DNA at
a very modest rate of about 15-60bp per year, likely re-
flecting the small numbers of stem cells that are actively
dividing in proliferative tissues compared to the total stem
cell reserve, and the quiescent state of cells in other tissues.
Telomere shortening has been investigated in human cells in
culture, in human genetic diseases with mutated telomerase,
and in animal models of telomerase deficiency.'*'*® These
studies point to a causal relationship between telomere loss,
cell aging, reduced tissue regeneration, and loss of tissue
structure and function. In support of this causal relationship,
epidemiological studies show that short telomeres in hu-
mans are a risk factor for atherosclerosis, hypertension,
cardiovascular disease, Alzheimer disease, infections, dia-
betes, fibrosis, metabolic syndrome, cancer, and overall
mortality.18'24'25'27‘30

Chronic viral infections such as cytomegalovirus (CMV)
and human immunodeficiency virus (HIV) accelerate telo-
mere loss and premature aging of the immune system, es-
pecially the virus-specific cytotoxic T cells*=*® responsible for
killing infected cells. In addition to telomere loss, these cells
often lack expression of the co-stimulatory receptor CD28 and
have reduced proliferative capacity, reduced ability to secrete
antiviral cytokines and chemokines, in-creased resistance to
apoptosis, and compromised ability to lyse infected cells.
About 50% of the U.S. population is in-fected with CMV as
judged by circulating CMV-specific antibodies, but after an
initial 30% seropositivity rate by age ~10, there is ~1%
annual seroconversion rate throughout life leading to ~90%
seropositivity by the ninth decade. This linear increase has
made it difficult to distinguish the effects of pure
immunosenescence from those that can be attributed to this
extremely common virus.”’*®

Here we report initial findings from a dietary supple-
ment program which includes TA-65%, a purified small-
molecule telomerase activator derived from an extract of a
plant commonly used in traditional Chinese medicine.

2 Telomerase activation and functional studies on a related

molecule (TAT2) from the same plant have been previously
reported for human skin keratinocytes and immune cells in
culture.®®Effects of TAT? in tissue culture studies with CD8*
T cells from HIV/acquired immunodeficiency syn-drome
(AIDS) subjects included increased replicative ca-pacity,
improved cytokine and chemokine responses to antigens,
and increased killing of autologous HIV-infected CD4%cells.

HARLEY ET AL.

Methods
PattonProtocol-1

PattonProtocol-1 was launched in January, 2007, by TA
Sciences (New York) as a commercial age-management
product composed of a natural product-derived telomerase
activator (TA-65®, described below), a dietary supplement
pack (online material S1), laboratory testing (Table 1), and
physician counseling. All subjects signed a comprehensive
Customer Acknowledgement Form. Baseline assays (Tables
1 and 2) indicated that most individuals were within the
normal ranges for the majority of tests. In a small number of
cases described in the Results section, the consulting physi-
cian prescribed medications for subjects based upon clinical
tests. There was no qualitative change in the overall con-
clusions whether these subjects were included or censored
from the analysis. We report results for all evaluable subjects
who completed 12 months of the protocol by June, 2009. The
number of subjects at 3, 6, 9, and 12 months for most tests
was 43, 59, 27, and 37, respectively. The age and gender
frequencies of the subset at each time point were similar to
those of the total baseline population (n =114; 63 12 years,
72% male).

TA-65°

TA-65%, exclusively licensed to TA Sciences from Geron
Corporation, is a >95% pure single chemical entity isolated
from a proprietary extract of the dried root of Astragalus
membranaceus and formulated into 5- to 10-mg capsules with
inert excipients. Starting doses of 5-10mg/day were con-
sidered safe on the basis of historical usage of extracts. Some
subjects increased their dosage after several months on the
product to 25-50 mg/day. Cumulative dose consumed dur-
ing the year was recorded for each subject and used for
preliminary dose-response analysis.

Clinical laboratory assays

At baseline and each time, point blood samples were
drawn and shipped the same day at ambient temperature to
analytical laboratories. Assays for standard blood counts,
blood chemistry, specialized immune subsets, CMV anti-
body titer, and inflammation markers were conducted at
Quest Diagnostics or Bio-Reference Laboratory. Specialized
immune subset analyses were conducted at UCLA Clinical
Laboratories and Pathology Services.

Telomerase activity assay in cultured human
keratinocytes and fibroblasts

Telomerase activity was measured in human neonatal
keratinocytes (Cascade Biologics, Portland, OR) and in
MRC5 fetal human fibroblasts (ATCC# CCL-171) pre-and
posttreatment in culture with TA-65° using the telomere
repeat amplification protocol (TRAP) assay, essentially as
described elsewhere.”® In brief, telomerase activity was
measured in actively growing cells incubated for 24-48h
with TA-65® in the vehicle (dimethylsulfoxide [DMSO] at 1%
vol/vol [keratinocyte culture] or 0.5% [fibroblasts]) versus
vehicle alone. Measurements were typically made at 5-10
population doublings (PD) (keratinocytes) or 30-40PD (fi-
broblasts). Telomerase reaction products were resolved by
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electrophoresis on nondenaturing polyacrylamide gels and
quantified by exposure to Phosphor Screens and imaging on
Phospholmager SL (Molecular Dynamics).

Telomere length assays

Median telomere length in peripheral lymphocytes and
granulocytes was determined by FlowFISH at Repeat Diag-
nostics (Vancouver, Canada) essentially as described else-
where.*” Mean telomere length by gqPCR*' was performed in
the laboratory of Dr. Richard Cawthon (University of Utah,
Salt Lake City, UT). High-throughput quantitative fluores-
cence in situ hybridization (HT qFISH)** was performed at
CNIO, Madrid, for inter- and intranuclear telomere length
distributions.

Statistics

Data from this study were collected primarily as a hy-
pothesis-generating exercise because subjects were not par-
ticipating in a controlled prospective study, and statistical
analyses were not formally defined a priori. Baseline data
were analyzed for cross-sectional age effects. Student t-tests
were used for comparison of means and the F-distribution
for significance of linear regression against subject age. Ex-
cept where indicated, two-tailed paired t-tests were con-
ducted at each time point for comparisons to the baseline
values. For percentage of short telomeres analyzed by HT
qFISH, individual differences between baseline and post-
product data were analyzed by chi-squared analysis.

Results

Mechanism of action

3 TA-65%-activates telomerase in human neonatal kerati-
nocytes and fetal fibroblasts in culture. TA-65° upregulates
telomerase activity in low- and mid-passage human neonatal
keratinocytes two- to three-fold in a dose-responsive manner
(Fig. 1A). In these studies, activation was two- to three-fold
at the lowest concentrations tested (30-100 nM), and activa-
tion was not as great at higher concentrations. This pattern is
similar to that seen for TAT2, a related molecule tested in
human immune cells.?® The ability of TA-65% to upregulate
telomerase activity was also tested in human fetal fibroblasts
(MRCS5) over a broad concentration range (Fig. 1B). Un-
treated and vehicle (DMSO)-treated MRC5 cultures showed
extremely weak telomerase activity; there was essentially no
telomerase extension products with a size greater than that
of T1, the minimum size needed to detect a product in the
TRAP assay. Results from three independent experiments
indicated that TA-65® at concentrations as low as 1nM in-
duced processive telomerase activity in MRC5 cells. Telo-
merase activation by TA-65° in the 1-30nM range in
multiple cell types is important, because plasma levels of TA-
65% are typically in the 1-20nM range 4-8 h postoral inges-
tion of 5-100 mg TA-65 (unpublished data).

Baseline observations

The relationships between age and various biomarkers
including telomere length have been reported in a number of
cross-sectional studies. Table 2 shows mean values, standard
deviations, count, slope, and R? from linear regression on
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FIG. 1. Telomerase activation by TA-65° in neonatal fore-
skin keratinocytes and fetal lung MRC-5 fibroblasts. (A)
Keratinocytes in triplicate wells were exposed for 48-72h
in different experiments to the dimethylsulfoxide (DMSO)
vehicle control, epidermal growth factor (EGF) (positive
control, typically 10ng/mL), or TA-65® at indicated con-
centrations, and products were analyzed as described in
Methods. Results from analysis of telomere repeat amplifi-
cation protocol (TRAP) ladders resolved by gel electropho-
resis and quantified by ImageQuant on a Phospholmager are
shown for a typical experiment. (B) MRC-5 cells were ex-
posed to TA-65° at concentrations shown for 48h. Each
replicate represents an independent lysate (a replicate culture
dish within one experiment). “Chaps” represents the lysis
buffer control (no cell extract). HeLa cells are used as positive
control cells as described in Methods. T1 is the first telo-
merase extension product capable of amplification by PCR.
IC is the internal control PCR product. Shown is a repre-
sentative gel from three independent experiments.

- -

subject age, and the statistical significance of the slope for the
baseline tests investigated in this report. As expected, this
population showed a highly significant decline as a function
of client age in both lymphocyte and granulocyte telomere
length by FlowFISH analysis, and the slopes of the decline
(55 and 34bp/year; p=10""° and 10 %, respectively) are
comparable to those reported previously.*>™*> Age-dependent
increases are seen in the percent senescent (CD8"CD287)
cytotoxic T cells, percent natural killer (NK) cells, and
percent and absolute number of neutrophils. Significant
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FIG. 2. Baseline telomere length and immune subset data as a function of subject age segregated by cytomegalovirus (CMV)
status. Overall baseline data without segregation by CMV status is provided in Table 2. Correlations with age for lymphocyte
and granulocute telomere length (A,B) and immune subsets (C-J) at baseline were determined by linear regression in the
CMV" and CMV™ subjects. Telomere length and immune parameters were analyzed by flow cytometry as described in
Methods.
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TABLE 3. BASELINE IMMUNE SUBSETS
BY CYTOMEGALOVIRUS STATUS

Immune parameter CMV™ CMV™ t-test
White blood cells # 5464 6037 0.104
Neutrophils Y% 58 65 0.003
# 3259 4025 0.022
Monocytes % 7.8 7.4 0.453
# 429 449 0.557
Lymphocytes % 35.3 29.9 0.025
#1927 1830 0.292
CD19" % 10.8 12.9 0.007
B cell # 192 189 0.334
CD56%,CD161,CD3~ % 14.1 16 0.433
Natural killer cell # 220 221 0.953
CD3" % 72 68 0.001
T cell # 1416 1202 0.03
CD3*",CD4* % 47.8 49.9 0.336
Helper T # 814 734 0.332
CD3",CD8" % 27 18 <0.0001
Cytotoxic T # 530 322 <0.0001
CD4/CD8 ratio 2.12 3.88 0.008
CD8",CD28" % 53 78 0.0001
Normal CD8 # 260 250 0.976
CD8",CD28~ % 47.2 22.3 <0.0001
Senescent CD8 # 272 72 <0.0001
CD95-,CD8* % 12.000 23.000 0.0005
Naive CD8 # 48.000 72.000 0.07

p values less than 0.002 are highlighted.

age-dependent decreases are seen in naive (CD8'CD957)
cytotoxic T cells, B cells, and lymphocytes.

Because CMV infection can have a significant impact on
immune markers, 7% we analyzed the age-dependency of
baseline immune subsets by CMV status (Fig. 2 and Table 3).
Lymphocyte, but not granulocyte, telomere length was longer
in CMV—subjects than that in CMV+subjects, suggesting that
CMYV infection drives increased turnover (and hence telomere
shortening) in lymphocytes, but has relatively little effect on
hematopoietic stem cells. Telomere length in granulocytes is
considered a surrogate of telomere length in hematopoietic
stem cells due to their short transit time to peripheral blood,
and short half-life in circulation.*” The ages of the CMV " and
CMV™ subjects (65+12 and 62+ 13, respectively) were not
significantly different, but the mean lymphocyte telomere
length in CMV" individuals was 680bp less than that
observed in the CMV™ group (p =0.003), suggesting an ac-
celeration of aging by about 10 years in the CMV™ group
based on —55bp per year for lymphocytes.

As expected, baseline numbers and the rate of increase in
senescent cytotoxic T cells (CD8"/CD28) in percent and
absolute counts was highest in the CMV™ population (Table 3
and Fig. 2C,D). The slight increase in per cent of senescent
cytotoxic T cells as a function of age in CMV ™ subjects (Fig. 2C)
despite declining absolute numbers of these cells (Fig. 2D) is a
consequence of a significant decline in total CD8" cells as a
function of donor age in CMV ™ subjects (Fig. 2 E,F). The dif-
ference in the mean number of CD8" T cells between CMV*
and CMV™ subjects (208 cells/uL) is essentially accounted for
by the difference in mean number of senescent CD8" T cells
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between these two subpopulations (200 cells/uL) (Table 3).
Although the %CD87CD28" cells at baseline was significantly
higher in CMV™ subjects (p < 0.0001), this was due primarily to
the elevated absolute number of CD8"CD28™ cells in the
CMV™ subset (i.e., an increased denominator for the CMV™
group). The absolute number of nonsenescent cytotoxic T cells
(CD8"CD28%) was not significantly different between CMV ™"
and CMV™ subjects (Table 3).

CMV™ subjects had significantly fewer absolute and per-
cent naive cytotoxic T cells (CD8"CD957) at baseline than
did CMV™ subjects (p < 0.0005 and 0.07, respectively) (Table
3), but in both populations there was dramatic reduction in
the absolute and relative abundance of these cells as a
function of subject age (Fig. 2 G,H), consistent with previous
studies.”*® In 80- to 90-year-old subjects, there were <50
naive CD8™ cells/uL.

A novel finding in the baseline dataset is an apparent ef-
fect of CMV infection on neutrophils: CMV™ subjects show
an increase in neutrophil number and percentage as a func-
tion of subject age compared to an essentially flat profile
with age for the CMV™ subjects (Fig. 2L]). At baseline, the
mean number of neutrophils in CMV™ subjects was about
20% higher than that in CMV™" subjects (p =0.02 by absolute
counts, p=0.003 by %) (Table 3). There was also highly
significant increase in baseline percent (p=0.00015) and
absolute numbers of NK cells (p=0.006) in the total popu-
lation (Table 2), but there was no significant difference be-
tween CMV ™~ and CMV ™ subjects.

Changes from baseline

Reduction in percent cells with short telomeres. Two
independent measures of median or mean telomere length
(by FlowFISH and qPCR) showed no consistent change with
time on PattonProtocol-1 (data not shown). However, we
also analyzed the distribution of individual telomere lengths
using automated high-throughput confocal microscopy (HT
qFISH*?). Telomere signals within the nuclei of white blood
cells were analyzed from 13 subjects at baseline and a follow-
up time point between 12 or 18 months. Mean telomere
length by HT qFISH correlates relatively well with median
telomere length by FlowFISH (supplemental data S2) and
and although some individuals showed a significant increase
or decrease (Fig. 3A), overall there was no significant decline
in mean telomere length by HT qFISH (p =0.29). However,
HT qFISH revealed a decline in the percentage of nuclei with
short telomeres (<4kbp) in 10 of the 13 individuals (p < 0.05
for 7 of those 10) at 12-18 months compared to baseline,
while only one of the remaining 3 individuals had a signif-
icant increase in percent short telomeres (Fig. 3B). Given
these data, we used a one-tailed paired t-test to determine
the probability that the overall mean reduction across all 13

5 subjects was due to chance (p =0.038). In separate studies in

murine cells in culture and in vivo we have shown that
TA-65%—alone will reduce the percentage of cells with
short telomeres with minimal effects on mean telomere
length (M.B., manuscript in preparation).

Positive remodeling of the immune system. There were a
number of striking changes from baseline in the adaptive and
innate immune system of subjects on PattonProtocol-1. We
saw statistically significant “age-reversal” effects in the
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FIG. 3. Mean telomere length and percent of nuclei with short telomeres at baseline and post TAS protocol. (A) Mean
telomere length values + standard error (SE) of the indicated individuals at base line (black bars) and post PattonProtocol-1
(grey bars) as determined by high-throughput quantitative fluorescent in situ hybridization (HT qFISH). The total number of
nuclei analyzed is indicated (n) on top of each bar. Statistical significance was assessed by the Student t-test. (B) Percentage of
nuclei with short (<4kb) telomeres at base line (black bars) and post-TAS protocol (grey bars) as determined by high
throughput (HT) gFISH. Numbers above bars represents the number of nuclei with short telomeres (<4 kb) out of the total
number of nuclei analyzed. The chi-squared test was used to evaluate the statistical significance for each individual tested.

number and percent of senescent (CD8*CD28-) cytotoxic T

dividuals (Table 3). After 3 months on PattonProtocol-1,

cells, particularly after 3 months (Fig. 4A). Senescent
CD8*CD28™ T cells dropped with a linear trend from
roughly 39% in the baseline population to about 36% at 12
months in the overall population (p=0.0068 at 12M). Most
of this effect was due to a 20% drop in the number of
CD8*CD28™ cells in the CMV™ population (Fig. 4D,
p=0.0044 at 12M). This decrease, relative to the age-related
increase of 0.57%/year and 3 CD28 cells/year in CMVT
individuals, represent an apparent age reversal of x5-20
years in this biomarker of immune aging.
7 At baseline, CMV-+individuals had a significantly lower
number and percent of neutrophils compared to CMV—in-

there was an overall increase in number and percent of
neutrophils (Fig. 4B) which was primarily driven by the ef-
fects of the Protocol in the CMV*—subjects (Fig. 4D), sug-
gesting that as in the case with CD28—cells, PattonProtocol-1
may reverse a potentially detrimental effect of CMV infection
on neutrophils.

The percent and number of NK cells significantly de-
creased after about 6 months on product (Fig. 4C). A de-crease
was observed in both CMV"' and CMV™ individuals, but
again the effect was more pronounced in the CMV*
population (data not shown). The changes at 12 months
in the overall population (about a 15% decline in both % and
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FIG. 4. Relative changes from baseline as a function of time (months) for immune subsets. The mean of the absolute change
from baseline for each parameter across all subjects for which data at that time point was calculated and then expressed as a
percent change from the mean value at baseline for those subjects. In A-C, data for both cytomegalovirus-positive (CMV™")
and CMV ™ subjects are combined. (D) Relative mean change is shown for the CMV ™" population subpopulation only.
Asterisks next to a data point signifies p < 0.01 (***), p <0.05 (**), and p < 0.1 (*) for a two-tailed paired (within-subject) ¢-test

analysis comparing baseline to time point values.

number of NK cells) was highly significant (p=0.0035
and 0.0021 for number and per cent cells, respectively), and
dramatic compared to the baseline increases per year in NK
cells for the CMV™* group (+2.4 cells per year and +0.3% per
year).

Discussion and Conclusions

The inability to maintain telomeres with age and chronic
stress has been linked to declining health and the increased
risk of disease and death from many causes, including can-
cer.1%%952 11y this study, we report that a 1-year health
maintenance program consisting of a dietary supplement
pack combined with a natural product-derived telomerase
activator results in a decreased percentage of short leukocyte
telomeres and remodeling of the relative proportions of the
circulating leukocytes of CMV=*—subjects toward the more
“youthful” profile of CMV—subjects.

One of the strengths of our study is the low CMV-
positivity rate (54%) in a relatively older population, which
allows us to separate the effects of age and CMV status on
immunosenescence. It also serves to mitigate one of our
study’s weaknesses—the lack of a control group—as the
subjects were initially unaware of their CMV status and

their subsequent knowledge is unlikely to have caused the
segregation of many of the effects of the protocol by CMV
status.

Our description of the decrease in CD8"CD28™ T cells as a
positive remodeling of the immune system is supported by
the increased morbidity and mortality associated with what
is known as the immune risk profile (IRP). This profile has
been defined as a CD4/CDS8 less than 1 in association with
CMV seropositivity by longitudinal studies of individuals in
their eighties and nineties in the OCTO/NONA Swedish
cohort.” As in our cohort, the major driving force for the
decreased CD4/CD8 in CMV " subjects in this population is
likely the accumulation of virus-specific CD8"CD28™ T cells.
These studies have reported 6-year follow-up data, and no
individuals who have survived to 100 years old exhibit the
IRP, even if they are CMV™'. The authors conclude that
successful immune aging entails being able to control CMV
infection without accumulating senescent cytotoxic T cells.
Thus, we conclude that the 20% reduction in CD8*CD28™ T
cells is a salutary effect, even though we have yet to see
increases in the number of CD8"CD28" T cells. Telomere
shortening associated with replicative senescence is the
probable cause of loss of CD28 expression and apoptosis
resistance of CD8" T cells.”* The decrease in the percentage
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of short telomeres we found makes upregulation of telo-
merase by TA-65 the most likely mechanism for this salutary
effect.

Age-related changes in the innate immune system have
not been as well characterized as those of the adaptive im-
mune system, although the importance of changes in the
former is increasingly being recognized.” It is generally
agreed that the per-cell activity of neutrophils as measured
by oxidative burst, phagocytosis, and chemotaxis decreases
with age.”® There is less agreement on the effect of aging on
neutrophil number which has been variously reported to be
preserved,57 decreased,® or increased® with age. CMV sta-
tus is not reported in the first two studies, but in the last
study from the above-mentioned NONA cohort, the increase
in neutrophil number is based on a comparison between 18
middle-aged (55-year-old) subjects with a 55% CMV™ prev-
alence rate and 120 very old subjects (92-100-year-old) with a
87% CMV "prevalence rate. Most of the cross-sectional in-
crease of 960 neutrophils occurs within the 92 to 100 year
olds, with only a 52-cell increase between 55 and 92. There is
also a significant longitudinal increase over a 6-year interval
in the very old group. This suggests that there is selection for
those very old subjects able to increase their circulating
neutrophils in the face of deteriorating tissues, increased
inflammation, and increased exposure to infectious agents.
Our novel finding that by age 62 the neutrophil number is
20% higher and continues to increase with age only in CMV "~
subjects can be interpreted as a compensatory increase in the
face of declining per cell activity and barrier function, as well
as increased antigenic load. The absence of a cross-sectional
increase with age in neutrophil number in CMV* subjects
suggests that this compensation is blocked in the CMV™
subjects perhaps due to inhibitory cytokine production by
the senescent T cells. The effect of the protocol to increase
neutrophil count in CMV™ subjects can be interpreted as a
salutary removal of this block in part through reduction in
the number of senescent T cells.

There is a broad consensus that NK cell number increases
with age to compensate for decreased per-cell activity, which
results from impaired signal transduction,” but other
mechanisms such as decreased barrier function and in-
creased antigenic/pathogenic load may also contribute to
increased NK cells with age.®” The decrease in NK cell
number induced by the protocol is an “age reversal,” but
because we did not measure NK activity we cannot say
whether it is from improved barrier function or improved
signal transduction. Unlike other cells of the innate immune
system, NK cells proliferate after activation and experience
further telomere shortening once they are released from the
bone marrow.®" The decrease in the percentage of short
telomeres we found could result in improved signal trans-
duction as a mechanism for the reduction in NK cell number.
Taken together, these three changes in leukocyte number
induced by the protocol represent a remodeling of the im-
mune systems of CMV™ subjects to look more like those of
CMV~ subjects and successfully aging CMV ™ centenarians.

Physicians who monitored the health of the current study
subjects through 1 year on the product reported no adverse
events that were likely related to the protocol. However, 2
subjects who recently escalated their daily dose reported
feeling “anxious” on 100mg/day but not when they swit-
ched back to 50 mg/day. A placebo-controlled study will be

9

HARLEY ET AL.

needed to determine if this potential adverse effect is real. No
new cases of cancer or cardiovascular disease were reported
during the overall 260 person-years of dosing with Patton-
Protocol-1 through June, 2010, and this is statistically sig-
nificant (p < 0.05, cancer; p <0.02, CVD ) assuming baseline
age-specific risks in our population were similar to those of
the U.S. population.

TA-65%-activated telomerase in cultured human cells at
concentrations seen in the plasma of subjects on the protocol.
Paradoxically, although ~40% of subjects showed an in-
crease in mean telomere length over time, on average across
all subjects there was a nonsignificant decline in mean telo-
mere length. However, we speculate this effect is explained
by cell dynamics and the fact that telomerase preferentially
lengths the shortest telomeres.®2%* Rescue and selective ex-
pansion of near-senescent cells with short telomeres could
lead to a reduction in the population mean telomere length
despite some lengthening of telomeres in all cells. Because
detrimental effects of telomere loss are primarily driven by
short, dysfunctional telomeres, and loss of tissue function and
disease onset in proliferative tissues have been associated
with telomere lengths <4 kbp, 225

we believe that our ob-
served reduction in telomeres <4 kbp in subjects on Patton-
Protocol-1 is a significant, positive response, and that TA-65%
contributes to the apparent benefit of the dietary supplement.
In support of this, studies with TA-65® given orally in old
mice showed similar reductions in percent cells with short
telomeres and positive functional effects on tissues (Blasco
et al, submitted) and preliminary dose-response analyses
showed an increase in salutary effects with TA-65° doses up
to 20-30 mg per day average compared to the initial 5- to 10-
mg per day dose (data not shown). Finally, analysis of ad-
ditional biomarkers of aging in subjects on PattonProtocol-1
suggest improvements in the cardiovascular system, metab-
olism, and bone mineral density, which will be further
studied and reported elsewhere. Independent randomized
controlled studies with TA-65® alone are planned.
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